(Accepted 31 January 1989) Determinants of bone density in normal women: risk factors for future osteoporosis? J C Stevenson, B Lees, M Devenport, M P Cust, K F Ganger Cavendish Clinic, 21 Abstract Postmenopausal osteoporosis is an important public health problem in developed countries. Preventive treatment might effect a large reduction in the incidence, but this needs to be applied selectively to those women at increased risk. Loss of bone density results in an increased risk of fractures in the classical sites of vertebrae and proximal femur. A cross sectional study of bone density measurements was carried out in these sites in British women with a modem, precise densitometric technique. Possible predictors and risk factors for bone density were assessed in these women.
Bone density was measured by dual photon absorptiometry in 284 apparently healthy women volunteers aged 21 to 68. The values obtained were similar to those obtained from equivalent studies performed in women in the United States. Peak adult bone density had been attained soon after the end of linear skeletal growth. Thereafter there was some decline with age in the proximal femur, but the major fail in bone density in all sites was related to the menopause. Other factors decreasing bone density, and hence increasing risk for osteoporosis, such as low body weight, alcohol and cigarette consumption, nulliparity, lack of previous use of oral contracep- tives, and lack of regular exercise, seemed to be
Introduction
Two main factors determine a woman's susceptibility to postmenopausal osteoporosis. Firstly, there is the peak adult bone mass attained, and secondly, there is the subsequent bone loss. A primary cause of bone loss is the decline of ovarian function associated with the menopause. 4 It has been proposed, however, that osteoporosis of the proximal femur is not a direct result of the menopause.5 Controversy also exists as to when the peak adult bone mass is attained and whether appreciable loss of bone occurs before the menopause.'I9 In addition, the importance of the influence of certain lifestyle factors on the skeleton, and whether increased risk for osteoporosis can be predicted from these, is not established. The ability to predict the occurrence of osteoporosis is all important for selecting patients for preventive treatment so that unnecessary treatment can be avoided.
We investigated bone density and its determinants in healthy women by using a modern measurement technique. Bone density thus measured is directly related to the incidence of fractures.'0 "In contrast to most previous studies we measured bone density in the two anatomical sites most clinically relevant to postmenopausal osteoporosis, the spine and the proximal femur.
Patients
We studied 284 white volunteers comprising 112 premenopausal women (median age 34-1 years, range (cm) 165 (7) 163 (6) Weight (kg) 60-9 (7-3) 62-9 (7-9) between measurements was six weeks (range 2-85 weeks), and the study covered a period of 21 months (which included a change in isotope source). Vertebral measurements -Vertebral bone density was measured in L2-4, and the mean value was expressed as g/cm2. In 11 women this measurement was not obtained.
Proximal femur measurements-Bone density was measured in the femoral neck, Ward's triangle, and the trochanteric region. In five women these measurements were not obtained.
Statistical analyses-Single and multiple regression analyses were used as appropriate to examine relations between the various continuous variables. Pearson's correlation coefficients were calculated for continuous variables with normal distributions. Spearman's rank correlation coefficients were calculated for nonnormally distributed continuous variables. Analysis of variance and covariance was used to determine effects of nominal variables.
Results Table I gives the precision of bone density measurements. The mean bone density values (table II) for the women in our study were identical with those obtained in the United States with the same instrumentation.'2 AGE AND MENOPAUSE (TABLES II AND III) Overall, there seemed to be a linear age related decline in bone density in all anatomical sites (L2-4 r= -0-32, p<0-001; femoral neck r= -0 44, p<0-001; Ward's triangle r=-0-53, p<0-001; trochanteric region r=-0-22, p<0-001). But The difference between premenopausal and postmenopausal bone density was greatest in Ward's triangle. The patterns of bone loss in various sites are shown in figure 1.
PHYSICAL VARIABLES (TABLES III AND IV)
Weight was positively correlated with both vertebral and femoral bone density in only the postmenopausal women. Height was positively related to vertebral bone density alone, and only in premenopausal women.
LIFESTYLE VARIABLES (TABLES III-V)
No effect on bone density was seen with dietary calcium intake or family history. With respect to other variables, however, differences were seen according to menopausal state.
Premenopausal women-There was no influence BMJ VOLUME 298 from pregnancies, breast feeding, previous or current oral contraceptive use, or regular exercise. A clear negative effect of alcohol consumption was seen in all anatomical sites (fig 2) . A negative effect of cigarette consumption was also observed, but this was significant only in the vertebrae. Postmenopausal women-There was a positive influence of breast feeding (p<0-01) on the vertebral bone density; this seemed to reflect the presence or absence of nulliparity as the influence of breast feeding disappeared when only parous women were analysed. A positive influence of previous oral contraceptive use was observed at all sites. Alcohol and cigarette consumption were without effect. There was, however, a proximal femur-as has been predicted'7-as well as the spine. Our observation that weight is positively correlated with bone density in postmenopausal women may reflect the fact that adipose tissue is the main site of adrenal androstenedione conversion to oestrone in these women. Thirdly, there is a gradual age related decline in bone density in the femoral neck and Ward's triangle before the menopause but no appreciable loss of vertebral bone density at this time. These findings are in agreement with other reports.8 4 5 In contrast Riggs et al reported a linear decline in bone density in both spine and femoral neck throughout adult life. The reason for these differences is not clear. The differing effect of age between the vertebrae and proximal femur is interesting. It may be in part due to the different compositions of trabecular and cortical bone in these sites. This may also explain why no age effect is seen in the trochanteric region. It may also reflect differences between the metabolic activity of the trabecular bone in the vertebrae and the proximal femur, as has been shown between other anatomical sites. '8 19 Fourthly, alcohol intake clearly has a deleterious effect on bone density in young women, which has hitherto been unrecognised. It is known that alcoholism is associated with osteoporosis,20-22 perhaps because of a general toxic effect on the bone forming cells.2324 Since the effect of alcohol would be additive to the age related decline in proximal femoral bone density in premenopausal women between five and eight standard (10 g ethanol) drinks a day at age 50 could take the bone density below the theoretical fracture threshold. Cigarette smoking has previously been associated with an increase in the incidence of osteoporosis,25 and we noted a significant negative effect of smoking on bone density in the vertebrae.
In the premenopausal women dietary calcium intake and participation in regular exercise had no influence on bone density in any site. A beneficial and additive effect of dietary calcium intake and exercise on the premenopausal skeleton has recently been reported. 26 While we recognise that our assessments of these two variables were superficial in comparison we would still have expected to observe some effect if these factors were of any substantial influence. But even when comparing the extremes of the groups we were unable to detect an effect. We also found no relation between calcium intake and bone density in postmenopausal women, which agrees with previous reports. 2728 We observed a positive though small influence of regular exercise on the proximal femur in postmenopausal women. This would presumably be the result of weight bearing exercise, and we are now conducting detailed studies of exercise levels and postmenopausal bone density. We saw a negative effect of nulliparity on the vertebrae and a positive effect of oral contraceptive use on bone density in all sites, but only in postmenopausal women. Such influences have previously been reported to affect the peripheral skeleton.29 It seems that the influence of several lifestyle factors on bone density is observed only after the menopause when the overriding effect of ovarian function on the skeleton is removed.
We believe that our failure to find an influence of family history of osteoporosis on bone density may be due to the difficulty in obtaining an accurate family history, particularly with regard to spinal osteoporosis.
Finally, while we recognise the shortcomings of subjective assessments of risk factors, it is clear that bone density, and hence risk of osteoporotic fracture, cannot be predicted accurately from any combination of simple physical and lifestyle factors. To 
